Background and Purpose-Helicobacter pylori and Chlamydia pneumoniae have been associated epidemiologically and pathogenetically with coronary atherosclerosis. However, population-based data on chronic infection and stroke are lacking. Therefore, we investigated the association of both bacterial pathogens and ischemic stroke subtypes in a population-based case-control study. Methods-Patients with first ischemic stroke in the population-based Erlangen Stroke Project were collected as cases.
H elicobacter pylori and Chlamydia pneumoniae are notorious for causing chronic infections and have been seroepidemiologically linked to coronary heart disease and atherosclerosis. 1, 2 In addition, C pneumoniae has been directly recovered from atheromatous plaques. 3 Ischemic stroke is a heterogeneous mixture of different stroke subtypes caused by atherosclerotic as well as nonatherosclerotic mechanisms. 4 Although stroke is thus pathogenetically related to coronary atherosclerosis, data on chronic infection in cerebrovascular disease are limited. [5] [6] [7] [8] [9] [10] For a valid and reliable evaluation of the risk factor chronic infection in cerebrovascular disease, the underlying pathomechanisms of ischemic stroke must be considered by stratifying the analyses for different etiologic subtypes. Because direct detection methods for H pylori and C pneumoniae depend on cerebrovascular wall samples retrieved in vivo, which are obviously not available, surrogate markers such as antibody levels must be used to describe the association between stroke and previous infection in an indirect manner.
Therefore, we have investigated, in a population-based case-control sample, whether serological evidence of H pylori or C pneumoniae infection is an independent risk factor in different etiologic subtypes of ischemic stroke.
Subjects and Methods
The Erlangen Stroke Project (ESPro) is an ongoing, prospective, population-based stroke registry in Germany, monitoring a study population of 100 330 inhabitants (December 31, 1997). The methods for case detection and the characteristic of the study area were described in detail elsewhere. 11 treatment in a hospital, and (3) admission to a hospital within the first 72 hours after stroke onset. Stroke was defined according to World Health Organization criteria. 12 Cerebral infarction was diagnosed on the basis of results of the first CT scan. Between August 1, 1998 , and September 30, 1999, a total of 169 patients with first ischemic stroke were registered in the ESPro: 145 (86%) of them could be included in the present study, 2 (1%) were not hospitalized, 7 (4%) were hospitalized later than 72 hours after stroke onset, 9 (5%) refused, and 6 (4%) died before a blood sample was taken.
Selection of Controls
Neighborhood controls were recruited from the same study population that gave rise to the cases. They were "pair matched" to cases for age (5-year bands), sex, and place of residence (matched by blocks within the study region). The area of Erlangen is subdivided into 112 blocks an average of 0.4 to 1.0 km in size, which define social, demographic, and cultural similarities.
Within each block that formed the place of residence for a case, 5 potential controls were identified from the Registration Office by the Department of Statistics. If Ͻ5 potential controls were registered in the same block, the remaining number of age-and sex-matched controls was identified randomly from a block next to the patient's block.
To improve the response rate of the controls, aims and purposes of the study were published in local newspapers and on television in cooperation with the Regional Community Health Authority. Invitation letters to 3 of 5 randomly drawn controls were sent for every case subject; when no 1:2 ratio could be achieved in a case-control stratum within 4 weeks after the invitation, the 2 remaining controls were invited to attend the study. A total of 676 invitation letters were sent. Eleven of the potential controls had moved with unknown address, 275 sent back their informed signed consent to participate, 12 could not attend the hospital for assessment because of severe illness, and 3 were excluded from the study because of a positive history of preexisting cerebrovascular disease (transient ischemic attack or stroke). A total of 260 controls could be included in the study, yielding a participation rate of 40%. In men a complete 1:2 case-control ratio was achieved. For 30 female cases, only 1 control subject could be recruited from the study population because of the low response rate of older women, particularly among those older than 75 years.
Index Evaluation of Cases and Controls
Data were collected through a face-to-face interview by trained health professionals, including a physical and neurological examination, a detailed review of all available medical records, and fasting blood samples for laboratory analyses. Standardized questionnaires were used for data collection, developed for the European BIOMED program. 13 Cases were interviewed and evaluated on day 7 after onset of symptoms; blood samples were taken within the first 24 hours after admission. A total of 82% of all blood samples were drawn within the first 48 hours after stroke onset. Information was obtained directly from the patient or, if the participant was unable to communicate, from a close relative. Control subjects were interviewed and evaluated in the same manner as cases in the Stroke Prevention Clinic of the Department of Neurology between October 1999 and April 2000.
Information on the following potential confounders was assessed: hypertension (reported systolic blood pressure Ն160 mm Hg, reported diastolic blood pressure Ն95 mm Hg, patient's self-report of hypertension, or use of antihypertensive drugs); diabetes mellitus (fasting blood glucose level Ն120 mg/dL, patient's self-report of diabetes, or use of antidiabetic drugs); hypercholesterolemia (plasma total cholesterol level Ն240 mg/dL or use of lipid-lowering medication); smoking habits (current smoker, yes or no); and level of education (highest grade completed, dichotomized into high school graduation, yes or no).
Since chronic inflammation might be associated with a higher risk of vascular events, 14 statistical analysis was adjusted to it. As an indicator of chronic inflammation, C-reactive protein levels Ͼ3 mg/L were defined 15 by use of a high-sensitivity assay (N High Sensitivity CRP, Dade Behring Marburg GmbH).
Ischemic stroke was classified according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria 4 into large-artery atherosclerosis, cardioembolism, small-artery occlusion, other determined etiology, and undefined cause. The TOAST classification was performed by 2 neurologists on the basis of a clinical examination as well as the results of standardized diagnostic tests including CT scan or MRI, vascular imaging, and ECG or echocardiography. The overall interrater reliability for the classification was good (unweighted kappaϭ0.65). Because of small numbers (nϭ2), subgroup analyses were performed without the stroke subtype of other determined etiology.
Laboratory Methods
Blood samples were labeled with a serial number immediately after blood was taken. Thus, all investigators were blind to case-control status during the laboratory tests. Samples of case and control subjects were prepared, centrifuged, and stored in 2-mL aliquots within the first 2 hours after the blood sample was drawn. Sera were kept frozen at Ϫ80°C until the analyses. Immunoglobulin G (IgG) antibody titers to C pneumoniae were analyzed with a microimmunofluorescence test (MIKRO-IFT, Labsystems OY). The resulting antibody titers were classified into titers Ͻ1:32, 1:32, 1:64, 1:128, 1:256, 1:512, and 1:1024 on the basis of their serial dilution. A priori, we agreed on classifying C pneumoniae antibodies Յ1:32 as negative or low positive. High-positive titers (Ն1:64) were used as cutoff because they were rated most appropriate for seroepidemiological purposes. 16 To investigate the reliability of the microimmunofluorescence test, the analyses were repeated in 45 randomly selected specimens. The agreement of the classification was good (quadratic weighted kappaϭ0.70). IgG antibodies to H pylori were analyzed with a commercial enzyme immunoassay (Pyloriset, BAG). The manufacturer's recommended cutoff was chosen to indicate H pylori seropositivity. To study the influence of both infectious agents together on an individual's risk of stroke, 17 we further classified cases and controls as having 0, 1, or 2 positive IgG antibody titers to H pylori and/or C pneumoniae. Because of the small number of subjects with no serological evidence of any infection (13 case and 21 control subjects), data from these participants and from participants with 1 positive IgG antibody titer were analyzed together.
Statistical Analyses
Statistical analyses were performed with the SAS 8.0 software packet (SAS Institute). The t test was used to test differences in continuous variables, and the 2 test was used to test differences in proportions. The sample size of the study was powered to detect an odds ratio (OR) of Ն2-fold with 80% power at a 5% level of significance for all ischemic strokes, on the basis of previous findings. 5, 6, 10, 16 To estimate the OR and the resulting 95% CI for the matched case-control pairs, conditional logistic regression was performed. The OR was calculated before and after adjustment for potential confounders. Possible interaction between elevated antibody titers and the other covariates in the model was controlled by adding terms of interaction to the regression model and testing the statistical significance of the resulting coefficient. Subgroup analyses were performed by running different regression models for each stroke subtype. All tests were 2-tailed; statistical significance was determined at an ␣ level of 0.05.
Ethics
The design of the study was approved by the Ethics Committee (No. 1041/1998) and the Data Protection Committee of the University of Erlangen-Nuremberg. All case and control subjects gave their written informed consent to take part in the study. The participants who were not able to consent for themselves because of severe illness or unconsciousness had given consent through their next of kin or guardian.
Results
The mean age of the 145 ischemic stroke cases was 74.6 years (SD Ϯ10.4), and 77 (53%) were females. Characteristics of case and control subjects are demonstrated in Table 1. Table  2 shows the prevalence rates of seropositivity to H pylori, C pneumoniae, and a concomitant infection with H pylori and C pneumoniae.
In conditional logistic regression (Table 3 ), elevated IgG antibodies to H pylori were significantly associated with a higher risk of stroke due to small-artery occlusion (adjusted OR, 3.31; 95% CI, 1.15 to 9.56). H pylori seropositivity demonstrated a positive but nonsignificant risk of stroke due to large-artery atherosclerosis (adjusted OR, 6.18; 95% CI, 0.48 to 80.42) on the basis of the small number of cases and controls in this subtype. An inverse, significant relation was found between elevated H pylori IgG antibodies and cardioembolic stroke (adjusted OR, 0.21; 95% CI, 0.06 to 0.71). Because of these differential associations in stroke subtypes, chronic H pylori infection was overall not associated with ischemic stroke (all subtypes combined). Tests for interaction between H pylori seropositivity and the other examined risk factors revealed no significant terms of interaction.
For elevated C pneumoniae antibodies, no significant association with subtypes of ischemic stroke was observed. The risk for first ischemic stroke (all subtypes combined) was also not associated with prior C pneumoniae infection (Table  3) . No significant interaction could be found for C pneumoniae antibodies and risk factors. As a secondary analysis, a possible association between C pneumoniae antibodies and risk for ischemic stroke was evaluated for higher cutoff titers (Ն1:128; Ն1:256; Ն1:512). Varying the titer cutoffs also resulted in no significant association between elevated C pneumoniae antibodies and ischemic stroke (data not shown).
A simultaneous immune response to H pylori and C pneumoniae was associated with an increased risk of stroke due to small-artery occlusion (adjusted OR, 2.88; 95% CI, 1.03 to 8.09) and a decreased risk for cardioembolic stroke (adjusted OR, 0.28; 95% CI, 0.08 to 0.91).
In response to the possibility that controlling for elevated C-reactive protein levels might result in an overadjustment for chronic inflammatory response, all multiple analyses were repeated without adjustment for C-reactive protein. Removal of C-reactive protein from the model did not alter any of the results considerably. 
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Discussion
In our population-based study, IgG antibody responses in H pylori and in parallel infection with H pylori and C pneumoniae were associated with an increased risk of stroke in the subtype of small-artery occlusion and a decreased risk of stroke caused by cardioembolism. However, no evidence was found for any strong association between elevated IgG antibodies to H pylori and C pneumoniae and the overall risk of stroke.
H pylori Infection and Stroke Risk
Data on chronic infection and stroke are limited. Our findings were consistent with the results of the only study that addressed the relation between chronic H pylori infection and ischemic stroke. Markus and Mendall 10 reported elevated IgG antibodies to H pylori in the subgroup of lacunar stroke, which is comparable to the subtype of small-artery occlusion. 4 The adjusted OR of 2.51 (95% CI, 1.19 to 5.28) was compatible with our findings (OR, 3.31; 95% CI, 1.15 to 9.56). The classic lacunar hypothesis postulated a lipohyalinosis of special arteries, caused by diabetes mellitus and hypertension, as underlying pathogenesis of this subtype. 18 In recent years evidence has occurred that lacunar infarcts share also pathomechanisms with atherosclerotic disease. 19 4 Therefore, our findings are consistent with a positive association of chronic H pylori infection and ischemic stroke caused by an atherosclerotic mechanism of cerebral arteries. However, consideration of stroke as a nonhomogeneous condition and analysis of etiologic stroke subtypes separately result in small numbers among specific stroke subtypes. Therefore, the nonsignificant results in the subgroup of large-artery atherosclerosis need further investigations with larger sample sizes. Furthermore, it is possible that the results for H pylori were attributed to residual confounding, particularly by factors related to socioeconomic status, although we tried to control for them. This ORs and 95% CI were calculated by use of conditional logistic regression analyses. *Matched for age, sex, and place of residence. †Matched for age, sex, and place of residence; adjusted for diabetes, hypertension, hypercholesterolemia, chronic inflammation, education; OR for C pneumoniae adjusted also for current smoking.
might be of particular interest in regard to consideration of H pylori infection as a marker of lower socioeconomic status, 20 which seems to be an independent risk factor of vascular disease. 21 Childhood social class, which was not regarded in the present analyses, might also be an important confounder, since adjustment for markers of childhood socioeconomic status has recently been shown to weaken a potential association between C pneumoniae infection and coronary heart disease. 22 
C pneumoniae Infection and Stroke Risk
Five previous studies reported on the association between C pneumoniae infection and stroke risk. All of them, 5-7,9 except 1, 8 found a positive association between elevated C pneumoniae antibodies and stroke, varying from an OR of 1.71 (95% CI, 1.08 to 2.7) 5 to 8.58 (95% CI, 1.07 to 68.82). 7 However, a number of methodological aspects must be considered when these findings are interpreted. Previous studies analyzed ischemic strokes and transient ischemic attacks together, 5, 6 as well as first-ever and recurrent strokes. 6 Some of them reported all strokes, including intracranial hemorrhages, subarachnoid hemorrhages, and undefined types, 6,7 and 1 study excluded ischemic strokes of undefined cause. 9 None of the former studies stratified for etiologic subtypes of ischemic stroke. Different case definitions, combination of incident and recurrent strokes, and analysis of all stroke subtypes together might influence a potential association in both directions. Additionally, most of the findings were based on case-control studies with small sample size, 5, 6, 8, 9 which might be prone to selection bias. Two studies chose hospital-based controls, 5, 6 which may not be representative of the study population or may lead to an overmatching of risk factors. 23 One study used population-based controls, selected by random-digit dialing. 9 No information was provided about the proportion of the study population with access to a telephone line, which might have caused an underestimation of lower social class in the control group. Differences were also found in measurement methods and definition of C pneumoniae infection. Even if all studies applied the microimmunofluorescence technique to diagnose chronic C pneumoniae infection, divergent antibody titers were used for defining seropositivity, ranging from IgA and IgG Ն1:16 as a cutoff titer 9 to IgA Ն1:64 and IgG Ն1:512 as a combined cutoff point. 7 If no "reference standard" for seropositivity to C pneumoniae is determined, varying cutoff points might be chosen after data exploration to report a maximal positive association between exposure and disease. Although the results of a microimmunofluorescence assay depend on the raters, 24 no previous study checked interobserver agreement of the classification, and 1 did not report on blinding case-control status. 9 A positive association between C pneumoniae antibodies and stroke was found only for elevated IgA 5,9 or a combination of elevated IgA and IgG antibody titers. 6, 7 However, a C pneumoniae workshop group recently considered the actual data, which reported elevated IgA antibodies to C pneumoniae to be a marker of chronic infection, to be unconvincing. 24 Thus, there is evidence that some of the positive associations between C pneumoniae seroprevalence and stroke risk reported in previous studies might be explained by selection bias, information bias, or residual confounding.
The presence of C pneumoniae in atherosclerotic plaques has been demonstrated in noncerebral vessels, and chronic infection and inflammation are becoming integral parts of the hypothesis of atherosclerosis. 2 However, IgG as a serological marker for chronic C pneumoniae infection was not found to have any association with ischemic stroke in our study. In addition to methodological reasons, this result could be due to a different age distribution in our study. The mean age of case subjects was 75 years compared with 36.5 years 5 to 68.5 years 9 in previous studies. The prevalence of seropositivity to C pneumoniae increases with age. 25 Therefore, the involvement of older cases might weaken a moderately positive association between C pneumoniae infection and stroke by higher prevalence rates in cases and controls. Our study was powered to detect an overall association of Ն2-fold between C pneumoniae seropositivity and ischemic stroke. Therefore, the number of case-control subjects within the subgroups was too small to detect a possible moderate association between elevated C pneumoniae antibodies and different etiologic stroke subtypes with a sufficient power. The low participation rate among control subjects might be caused by the older age distribution of our study. Potential controls from the general population within older age groups are more likely to be disabled or suffering from severe comorbidities. Therefore, they might be less willing to participate in any voluntary study than younger subjects, especially if they were not evaluated in their domestic surroundings. Thus, we cannot exclude that some of our findings might be caused by a potential selection of control subjects. As a result of the case-control design of our study, blood specimens were obtained from the cases during the acute hospitalization. Because the infection status of case subjects before stroke remains unknown, we cannot exclude that the disease condition itself might influence the antibody levels. However, we tried to minimize the possibility of changes in serology after stroke by restricting the study population to cases that were admitted within the first 72 hours after onset and by collecting the blood samples within the first 24 hours after admission. Additionally, it is known that serology correlates poorly with the presence of C pneumoniae in vascular specimens. 24, 26 Therefore, more reliable markers for the diagnosis of chronic C pneumoniae infections are required in epidemiological studies, for example, detection of infected peripheral blood mononuclear cells, 24, 27 before a potential causal relationship between C pneumoniae infection and stroke can be ascertained.
Conclusion
In summary, our study indicates no strong association between antibody response to C pneumoniae and first ischemic stroke in a population-based sample. This finding is in accordance with recently published epidemiological studies and meta-analyses on coronary artery disease. 22,28 -30 Further studies are required, however, to confirm whether chronic H pylori infection is an independent risk factor for strokes caused by an atherosclerotic mechanism.
